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0HPEUDQHELRUHDFWRU0%5V\VWHPVHQDEOHWKHSRVVLELOLW\RIDGMXVWLQJFRQYHQWLRQDODFWLYDWHG
VOXGJHSURFHVVHVE\LQFUHDVLQJWKHYROXPHORDGLQJUDWHRIWKHLQIOXHQWDQGWKHVSDFHUHTXLUHG
IRU QHZ SODQWV DSSO\LQJ 0%5 V\VWHPV ZRXOG EHPXFKPRUHRYHU WKLV ZDVWHZDWHU WUHDWPHQW
WHFKQRORJ\SURGXFHVDSHUPHDWHXVHIXOIRUGLUHFWUHXVH7KHPHPEUDQHIRXOLQJLQ0%5VFRXOG
RFFXUGXHWRWKHIRUPDWLRQRIELRILOPLQWKHVXUIDFHWKHDGVRUSWLRQLQWKHVXUIDFHDQGFORJJLQJRI
SRURXV+DVEHHQLGHQWLILHGWKHFORJJLQJDVWKHPDLQO\IDFWRULQIRXOLQJ0DWRVLFHWDO
$HUDWLRQSOD\VDQLPSRUWDQWUROHLQ0%5V\VWHPVDQGUHSUHVHQWVLWVPDMRUSRZHULQSXW$HUDWLRQ
LV XVHG WR VXSSO\ GLVVROYHG R[\JHQ WR WKH ELRPDVV WR PDLQWDLQ VROLGV LQ VXVSHQVLRQ DQG WR
LPSURYH PHPEUDQH FOHDQLQJ LQ VXEPHUJHG 0%5V *HUPDLQ HW DO  7KH XVH RI SXUH
R[\JHQLQVWHDGRIDLUVLJQLILFDQWO\LQFUHDVHVWKHR[\JHQPDVVWUDQVIHUGULYLQJIRUFHIRUDHUDWLRQ
UHGXFLQJWKHVSDFHUHTXLUHG0XHOOHUHWDO

,Q WKLV ZRUNZDV VWXGLHG WKH UHFRYHU\ RI WKH SHUPHDELOLW\ RI WKHPHPEUDQH DW GLIIHUHQW LQLWLDO
SHUPHDELOLW\LQRUGHUWRVWDWHGWKHUHFRYHU\DWGLIIHUHQWLQLWLDOVWDWHVRIWKHPHPEUDQHVZKHQUHDO
ZDVWHZDWHUZDVWUHDWHG7KLVUHFRYHU\ZDVVWXGLHGDWWKHHQGRIHYHU\H[SHULPHQWZKHQSXUH
R[\JHQDQGDLUZDVXVHGWRVXSSO\WKHDHURELFFRQGLWLRQVDWVWHDG\VWDWHFRQGLWLRQVLQRUGHUWR
HVWDEOLVK WKH FRQYHQLHQFH RI XVLQJ SXUH R[\JHQ WR VXSSO\ WKH DHURELF FRQGLWLRQV LQ WHUPV RI
SHUPHDELOLW\UHFRYHU\7KHPL[HGOLTXRUVXVSHQGHGVROLGV0/66DQGK\GUDXOLFUHWHQWLRQWLPH
GLGQRWYDU\ZKHQSXUHR[\JHQDQGDLUZHUHXVHGLQWKHVDPHH[SHULPHQW

7KHPDLQHOHPHQWVRIWKHH[SHULPHQWDOSODQWV\VWHP)LJXUHZHUHWZRELRUHDFWRULQWKHILUVW
RQH ZDV LQWURGXFHG SXUH R[\JHQ RU DLU DQG LQ WKH VHFRQG RQHZHUH VXEPHUJHG WKH =HQRQ
XOWUDILOWUDWLRQPHPEUDQHXQLWV ȝPSRUH VL]H LQVLGH 7KH H[WUDFWLRQ RI WKH HIIOXHQWZDWHU
WRRNSODFHE\PHFKDQLFDOVXFWLRQ$UHFLUFXODWLRQRIOKZDVHVWDEOLVKHGWRPDNHWKH0/66
FRQVWDQWEHWZHHQERWKELRUUHDFWRUV$SRURXVGLIIXVHUZDVXVHG WRSURYLGH ILQHEXEEOHV7KH
LQIOXHQWLQWKHELRUHDFWRUZDVFRQWUROOHGE\DOHYHOLQGLFDWRUFRQQHFWHGWRDIHHGSXPS7KHR[LF
FRQGLWLRQV ZHUH VXSSOLHG WR WKH V\VWHP ZLWK D FRPSUHVVRU DSSOLHG E\ DLU GLIIXVHU DQG SXUH
R[\JHQZDVVXSSOLHGLQWKHVDPHZD\ZLWKR[\JHQEORFNV7KHPHPEUDQHVZHUHFRQWLQXRXVO\
DHUDWHGZLWKWDQJHQWLDODLU IORZVPKWRDYRLGFORJJLQJRQWKHLUVXUIDFHVDQGWRPDLQWDLQ
VROLGV LQ VXVSHQVLRQ 7KH FRQILJXUDWLRQ RI WKH PHPEUDQH ELRUHDFWRU ZDV VLGHVWUHDP
FRQILJXUDWLRQLQRUGHUWRDYRLGWKHQRLVHRIWKHDLULQWKHPHDVXUHRIR[\JHQFRQFHQWUDWLRQLQWKH
ELRUHDFWRU

7KHSHUPHDELOLW\LVXVHGWRTXDQWLI\WKHUHFRYHU\RIWKHSHUPHDELOLW\RIWKHPHPEUDQH.LVWKH
IORZ UDWH WKDW FDQ EH ILOWHUHG E\ WKH PHPEUDQH SHU VXUIDFH RI WKH PHPEUDQH DQG
WUDQVPHPEUDQHSUHVVXUH703(TXDWLRQ
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7KH UHFRYHU\ RI WKH PHPEUDQH LV DERXW WKH FKHPLFDO DQG SK\VLFDO FOHDQLQJ WKDW FDQ EH
REWDLQHGZLWKHTXDWLRQ
.I
.L.I5 −=
        
:KHUH.ILVWKHILQDOSHUPHDELOLW\DIWHUFOHDQLQJDQG.LLVWKHLQLWLDOSHUPHDELOLW\EHIRUHFOHDQLQJ
7KH QHW SHUPHDWH IOX[ WDNLQJ LQWR DFFRXQW WKH SK\VLFDO FOHDQLQJ EDFNIOXVK RI  WLPHV WKH
SHUPHDWH IOX[GXULQJVHFRQGV LQDZKROHF\FOHRIPLQXWHVZDV LQDOOH[SHULPHQW
OPK7KLVEDFNIOXVKFOHDQLQJZDVSHUIRUPHGZLWKXOWUDILOWUDWHGZDWHU

:KHQ SUHVVXUH UHDFKHG YDOXHV EHORZ WKH PD[LPXP SUHVVXUH DOORZHG DQG WKH SK\VLFDO
FOHDQLQJ ZDV QRW HQRXJK WR UHFRYHU DQ RSWLPDO SHUPHDELOLW\ D FKHPLFDO FOHDQLQJ ZDV
SHUIRUPHG7KLVFKHPLFDOFOHDQLQJ LVQHFHVVDU\WRDYRLGWKHLUUHYHUVLEOHIRXOLQJWKDWUHVXOWV LQ
WKHQRFRUUHFWSHUIRUPDQFHRI WKHPHPEUDQH7KLVFOHDQLQJZDVSHUIRUPHGZLWK1D&O2ZKHQ
WKHIRXOLQJGHWHFWHGZDVRUJDQLFPDWWHUDQG&LWULFDFLGS+ ZKHQWKHIRXOLQJGHWHFWHGZDV
LQRUJDQLFPDWWHU

,Q )LJXUH  LV VKRZQ WKDW WKH UHFRYHU\ RI PHDQ SHUPHDELOLW\ LQFUHDVHV ZKHQ WKH LQLWLDO
SHUPHDELOLW\ LQFUHDVHV WKLV IDFWVWDWHV WKDW WKH UHTXLUHPHQWVRIFOHDQLQJ LQRUGHU WR UHDFK WKH
LQLWLDOSHUIRUPDQFHRIWKHPHPEUDQHVDUHKLJKHUGXHWRWKHXVHRIWKHPHPEUDQH*XJOLHOPLHW
DOVWDWHGWKDWWKHFKHPLFDOFOHDQLQJDIIHFWVPRUHLQWHQVHO\LQWKHUHFRYHU\WKLVWUHQGLV
PDLQWDLQHG LQ WKLV UHVHDUFK EXW QRW LQ WKH OHVVHU LQLWLDO SHUPHDELOLW\ SRLQW ZKHUH FRXOG EH
GDPDJHGWKHPHPEUDQHDQGLQWKHODVWRQHZKHUHWKH\DUHHTXDOGXHWRWKHPHPEUDQHZDV
QHZ

+RQJHWDOVWXGLHG WKHHIIHFWRIVHTXHQWLDOYDULDWLRQRIFRQFHQWUDWLRQVRIR[\JHQ LQ WKH
SHUPHDELOLW\RIWKHPHPEUDQHWKHIRXOLQJUDWHZDVKLJKHULQDQR[LFFRQGLWLRQV,QWKLVUHVHDUFK
WKHUHFRYHU\HIILFLHQF\DIWHUFOHDQLQJDUHVWDWHG LQ7DEOHZKHUHFRXOGEHQRWLFHGWKHKLJKHU
UHFRYHU\ ZKHQ SXUH R[\JHQ ZDV XVHG WR VXSSO\ WKH DHURELF FRQGLWLRQV 7KLV VWXG\ ZDV
SHUIRUPHGLQWKHH[SHULPHQWVZKHUHFKHPLFDOFOHDQLQJZDVQHFHVVDU\LQWKHVDPHH[SHULPHQW
ZKHQSXUHR[\JHQDQGDLUZDVXVHGWKUHHRIVL[ ,Q WKLV WDEOH LVVWDWHG WKDW WKHXVHRISXUH
R[\JHQ LPSURYH VLJQLILFDQWO\ WKH PHDQ SHUPHDELOLW\ SHUFHQWDJH UHFRYHU\ DIWHU FKHPLFDO
FOHDQLQJDQGVOLJKWO\DIWHUFKHPLFDOFOHDQLQJEXWLQERWKFDVHVWKHXVHRISXUH
R[\JHQLPSURYHWKHUHFRYHU\RIPHPEUDQH
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
)LJXUH 0HDQ UHFRYHU\ RI SHUPHDELOLW\ DIWHU WKH SK\VLFDO DQG FKHPLFDO FOHDQLQJ YHUVXV WKH
LQLWLDOSHUPHDELOLW\


7DEOH3HUPHDELOLW\SHUFHQWDJHUHFRYHU\ZKHQSXUHR[\JHQDQGDLUZHUHXVHGWRVXSSO\
WKHDHURELFFRQGLWLRQVDQGWKHLPSURYHPHQWXVLQJSXUHR[\JHQ
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